Caffeine blunts estimated Ratings of Perceived Exertion (RPE) but the effects on RPE production are unclear. This study examined effects of acute caffeine ingestion during treadmill exercise where participants exercised at prescribed RPE 4 and 7. Methods: Recreational runners (VO 2 max = 51.4 ± 9.8 ml•kg -1 •min -1 ) (n = 16) completed a maximal treadmill test followed by trials where they selected treadmill velocity (VEL) (1% grade) to produce RPE 4 and RPE 7 (10 min each). RPE production trials followed caffeine (6 mg•kg -1 ) (CAF) or placebo (PLA) (counterbalanced) ingestion. Participants were blinded to treadmill velocity but the Omni RPE scale was in full view. Results: Repeated measures ANOVA showed a main effect (trial) for VEL (CAF ~5m•min -1 faster) for RPE 4 (p = 0.07) and RPE 7 (p = 0.03). Mean HR and VO 2 responses were consistently higher for CAF but failed to reach statistical significance. Individual responses to CAF were labeled positive using a criterion of 13.4 m•min -1 faster for CAF (vs. PLA). Ten of 32 trials (31%) were positive responses. In these, systematic increases were observed for HR (~12 b•min -1 ) D r a f t
Introduction
Caffeine is noted as an ergogenic aid and the reader is referred reviews focusing on aerobic exercise (Graham 2001) and anaerobic exercise (Davis and Green 2009) for detail. Potential mechanisms of caffeine include reduced muscle fiber recruitment at a given power output (Tallis, et al. 2015) and enhanced free fatty acid (FFA) mobilization with extended time to exhaustion attributed to increased substrate availability (Graham 2001 , Costill, et al. 1978 . However, effects have been observed during exercise dominated by oxygen-independent (anaerobic) metabolic pathways (Davis and Green 2009) where FFA contributes little to ATP turnover. Enhanced performance in paradigms where FFA is of minimal importance and because of challenges to the Randle effect (Graham 2001 ) alternate mechanism(s) for ergogenic properties of caffeine must be considered.
Caffeine is proposed to augment pain by competitive blockade of adenosine A 1 and/or A 2 receptors (Fredholm, et al. 1999 , Sawynok and Yaksh 1993 , Zhang 2001 , which presents a plausible mechanism for ergogenic properties, particularly during high intensity anaerobic exercise. Similarly, caffeine (vs. placebo) may blunt estimated Ratings of Perceived Exertion (RPE) at set workloads (Birnbaum and Herbst 2004, Killen, et al. 2013) or result in greater work at a similar perceptual rating (Desbrow, et al. 2012 , Laurence et al. 2012 . Although commonly used for intensity estimation (i.e. "RPE estimation"), RPE may also be used for intensity regulation. Akin to objective methods such as HR, a given RPE (or RPE range) may be prescribed with effort adjusted so feelings of intensity match the prescribed RPE. This 'RPE production' model is a generally accepted approach (Robertson and Noble 1997) and arguably the most convenient model for intensity regulation for daily exercise as it requires no tedious assessments of objective physiological responses such as HR, VO 2 or blood lactate.
Because caffeine reduces estimated RPE (Birnbaum and Herbst 2004, Killen, et al. 2013) , caffeine could alter self-selected workload during RPE production. However, this is not well-understood.
From our lab, T W Langford, et al. (unpublished observation) showed significantly greater power output selection following caffeine (vs. placebo) ingestion during cycling at prescribed RPE's of 4 (CAF = 127 ± 22, PLA = 109 ± 25 Watts) and 7 (CAF = 161 ± 36, PLA = 139 ± 40 Watts). Corresponding elevations were noted in that study for blood lactate [La] and VO 2 as well. Cole et al. (1996) found no significant increase in mean work output during RPE production (RPE: 9, 12, 15) Cole et al. (1996) all noted high inter-individual variability among participants in response to caffeine.
If caffeine alters self-regulated intensity, practitioners would need to consider this when using a perceptual model for prescribing exercise. Further, this would have important implications regarding the efficacy of caffeine-containing pre-workout energy drinks. Potential effects of caffeine on intensity regulation using RPE-production is unclear. Therefore, this study examined effects of acute caffeine consumption (6 mg•kg -1 ) on velocity selection during treadmill exercise at prescribed RPE 4 and 7.
Materials and Methods

Participants
Recreationally fit volunteers (n = 16) were recruited at two different universities. A power analysis (beta = 0.80, alpha = 0.05, standard deviation = 20 m•min -1 effect size 13 m•min -1 ) showed 16 participants were needed. All procedures were approved by appropriate review boards for the protection of human participants. Prior to data collection, participants signed an informed consent describing requirements.
During initial screening, participants completed a Physical Activity Readiness Questionnaire (PAR-Q) (ACSM 2014) and health status questionnaire. Participants were excluded if they had any contradiction to exercise (from PAR-Q), failed to stratify as "low risk" based on known risk factors, were intolerant to lactose (used for placebo) or reported a previous adverse experience with caffeine. Height was assessed to the nearest cm with a stadiometer (Detecto, Webb City, MO) and weight to the nearest 0.1 kg with a digital scale (Tanita Corporation, Japan). Body fat percentage was estimated using Lange skin fold calipers (Cambridge, Maryland) and a 3 site method (males: chest, abdomen, and thigh, females: tricep, iliac, thigh) (Pollock, et al. 1980) .
VO 2 max Trial
After descriptive data were collected, participants were instructed to arrive at the lab well-rested (Utter, et al. 2004 ) in full view, participants estimated overall RPE during the last 10 s of each min using hand signs. Testing was terminated at volitional exhaustion or if investigators deemed it unsafe to continue. Criteria for achievement of VO 2 max included a) plateau of VO 2 with increased workload, b) RER ≥ 1.1, c) peak RPE ≥ 9. All participants achieved 2 of the 3 criteria.
RPE Production Trials
After a minimum of 24 h following VO 2 max assessment, participants reported to the lab with instructions to be well-rested, well-hydrated (no objective measure of hydration taken) and non-fasted.
Participants donned appropriate equipment for collection of expired gas and HR. With the RPE scale in full view and information on the treadmill display concealed, participants warmed-up at a self-selected pace for approximately 2 min. To assimilate outdoor exercise the treadmill was set at 1% grade throughout (Jones and Doust 1996) . Following warm-up, participants used the treadmill keyboard to select a velocity equivalent to an overall RPE 4 (RPE4) on the Omni scale. Gradual adjustments were encouraged and participants tended to achieve the prescribed RPE within a 5 min titration period. Once achieving the prescribed RPE, participants verified they were still at the correct rating 1 min later. At that time, a 10 min session was initiated with metabolic data recorded at 2, 4, 6, 8 and 10 min. Participants were permitted to adjust velocity at any point necessary to maintain the prescribed RPE. At 10 min the participant removed the mouthpiece and exited the treadmill for 10 min passive recovery. They then completed the same procedure as above, but adjusted velocity to produce a prescribed RPE 7 (RPE7) with a similar titration period, 1 min verification, and recording of metabolic data at 2, 4, 6, 8, and 10 min at the prescribed rating.
Production trials were completed 1 h after participants consumed either caffeine (6 mg kg - and PLA that reflected a meaningful change. Specific effect sizes were calculated according to Cohen (Cohen 1988) .
Results
Descriptive characteristics of participants were: age (y) 21.1 ± 2.0, height (cm) 170.0 ± 8.3, mass (kg) 68.1 ± 15.1, percent fat (%) 17.2 ± 7.5, VO 2 max (ml•kg -1 •min -1 ) 51.4 ± 9.8 and peak HR (b•min -1 ) 193 ± 7. For RPE4, there was no main effect for time point or trial for VEL (m•min -1 ), although the difference for trial approached significance (p = 0.07, 1 tailed test) ( Table 1 ). For RPE4, there was no main effect for HR but a main effect was observed for time point (Figure 1 ). The interaction was not significant. For VO 2 (ml•kg -1 •min -1 ) there was no significant main effect for trial but the main effect for time point was significant ( Figure 3 ). There was no significant interaction. For RER there were no significant main effects or interaction (Table 2 ).
For RPE7, there was a significant main effect for trial for VEL but not for time point and the interaction was not significant (Table 1) . There was no significant main effect for HR but the main effect for time point was significant and the interaction was significant (Figure 2 ). The main effect for VO 2 (ml•kg -1 •min -1 ) (CAF = 39.3 ± 7.2, PLA = 37.9 ± 7.3) approached significance (p = 0.07, 1 tailed test) with a significant main effect for time point but no significant interaction. For RER (CAF = 0.97 ± 0.01, PLA = 0.95 ± 0.01) the main effect for trial approached significance (p = 0.09, 1 tailed test) with a significant main D r a f t 7 effect for time point but no significant interaction ( positive responders, 11 (68.8%) non-responders and 1 (6.3%) negative responder.
Discussion
Potential mechanisms associated with ergogenic properties of caffeine include reduced fiber recruitment at a given intensity (Tallis et al. 2015) , augmented pain (Graham 2001, Davis and Green 2009) or enhanced substrate (FFA) availability though the latter particularly is tenuous (Graham 2001) . RPE estimations may be blunted (Birnbaum and Herbst 2004, Killen et al. 2013 ), but effects on RPE production are unclear. This study examined the influence of caffeine (6 on velocity selection (VEL) and corresponding physiological responses during treadmill exercise. Results show a mild overall faster VEL for CAF (vs. PLA). Responses among participants varied widely necessitating evaluation beyond aggregate results. In those who benefited, HR and VO 2 were systematically elevated with higher VEL. Although evidence supporting caffeine-induced increased FFA is equivocal, RER in the current study suggests a potential impact though the magnitude is difficult to discern. Key novel findings are that caffeine may alter perceptually-regulated intensity regulation, though effects must be considered per individual.
Responders vs. Non-responders
Current results show an overall faster mean VEL from acute caffeine ingestion with the observation consistent for a lower (RPE4) and higher (RPE7) prescribed intensity ( (Table 1) . With a large standard deviation, a larger effect is required to attain statistical significance.
Certainly, with a more homogenous group of runners with lower variability in skill (i.e. cross country runners) smaller differences would be statistically more meaningful. However, sampling from a cross country team precludes inference to the general population of recreational runners, the intended focus of the current investigation.
A second factor is the variation among participants with regards to treatment (caffeine) response.
With ergogenic aids, percentages of participants may respond favorably, unfavorably or not at all. In that paradigm, inferring conclusions to an entire population from aggregate analyses of the entire sample is tenuous. If a true effect in some is diluted by lack of (or negative) effect in others, then a universal conclusion of no effect is inaccurate, potentially in a considerable portion of individuals. A review of literature on the influence of caffeine on perceptual responses to exercise would show equivocal findings and often small magnitude of change in studies observing an overall benefit. We propose this is potentially linked to diverse responses among individuals and a need to analyze beyond aggregate analyses. While current aggregate analyses indicate significance for mean results, the magnitudes for mean differences (CAF vs. PLA) are small (Table 1) . However, evaluating individual responses presents a more thorough assessment and more clearly indicates a true effect occurred in a portion of participants while others experienced no effect or a negative effect. As indicated in Results, we employed a criterion of 13.4 m•min Reasons for deviant responses among individuals is unclear based on current literature but is worthy of future inquiry.
Three investigations have examined the effects of caffeine on stationary cycling using RPE production. Cole et al. (1996) showed no significant differences at specifically prescribed RPE's of 9, 12 and 15, but significantly greater cumulative work following caffeine (vs. placebo) which indicates, albeit less convincingly, a potential caffeine effect. As in the current study, Cole et al. (1996) previous studies and reflect a practical and meaningful difference attributed to caffeine albeit limited to a select portion of the sample. Though physiological responses were elevated, assessing the means for the entire group may diminish the true effect observed in participants responding favorably. A key finding is that CAF shows an effect even in a paradigm where, statistically, it is unlikely to identify a significant difference due to presence of non-responders.
Enhanced free fatty acid (FFA) mobilization and subsequent use as a metabolic substrate is a proposed ergogenic mechanism of caffeine (Graham 2001 , Costill et al.1978 . Though the literature in this regard is equivocal (Graham 2001) , conceptually, magnified FFA use reduces reliance on limited glycogen stores delaying glycogen depletion, potentially extending time to exhaustion. While the current study did not involve work to exhaustion, respiratory exchange ratio (RER) at sub-maximal workloads may shed light on caffeine effects. Lower RER reflects enhanced FFA use. However, stable (or depressed) RER at higher VEL would also indicate greater FFA relative use. Pre-workout energy drinks often contain caffeine. A principle finding of the current study is that caffeine alters perceptually prescribed intensity regulation with a portion of individuals who appear sensitive to caffeine experiencing meaningful ergogenic benefits when consuming caffeine prior to exercise. The practical application from the current study is that pre-exercise caffeine consumption may alter perceptual responses associated with pending exercise. This is important for individual and practitioners when developing training programs and effectively regulating exercise intensity. It is important to be aware of pre-workout nutritional habits and potential impacts on perceived exertion and intensity selection. For positive responders, adjustments may be warranted to achieve desired intensity. would be anticipated that the experience would result in greater precision in regulating exercise intensity which could play a role in the effects observed due to caffeine ingestion. Similarly, future studies should seek to elucidate the potential influence of habitual caffeine use of participants on exercise outcomes.
Caffeine is a widely-investigated ergogenic aid and common ingredient in pre-workout beverages.
It is noteworthy that scientific studies most often evaluate effects of caffeine using a dose relative to the body weight of individual participants. This deviates from consumption of energy drinks which contain an absolute amount of caffeine. Individuals and trainers opting to consume caffeine prior to exercise should consider caffeine content and body weight to assess the relative dose being consumed. Caffeine tends to blunt estimated RPE, however, few studies have investigated the influence during RPE production.
Although analyses of mean data in the current study reflect a marginal effect, the most thorough and appropriate assessment for caffeine requires evaluation of individual responses. Based on a change in selected treadmill VEL of 13.4 m•min -1 (0.5 m•hr -1 ) during RPE production, 31% of trials were labeled positive responses. Systematic changes in HR and VO 2 also indicated meaningful effects in responders.
Analysis of RER validated that responders not only selected higher VEL but also experienced a positive augmentation of FFA as a substrate. Principle conclusions from the current study correspond with studies indicating high inter-individual variability with regard to caffeine use with a meaningful effect in some.
Further work is needed to elucidate specific factors responsible for diverse responses among individuals to acute caffeine supplementation. 
